Federal funds and eurodollar futures contracts are among the most useful instruments for deriving expectations of the future path of monetary policy.
Introduction
Federal funds and eurodollar futures contracts are among the most useful instruments available for deriving expectations about the path of monetary policy. These markets have impressive liquidity for contracts that span a range of horizons, and the values of the contracts are explicitly tied to realizations of short-term interest rates.
Market participants often use these markets to hedge their exposures to changes in the level of short-term interest rates or simply to take positions on the direction of monetary policy. Indeed, market commentary on the valuation of these contracts is dominated by opinions about when the Federal Reserve's next policy action might take place and its direction and magnitude.
Besides being widely used by market participants for these purposes, academic researchers have also employed these futures contracts to measure market forecasts of the federal funds rate.
1 Gürkaynak, Sack, and Swanson (2002) directly compare the predictive power of these futures rates to a number of other market-based measures of policy expectations. Their results indicate that federal funds futures dominate other market instruments at forecasting the federal funds rate over horizons out to several months, and that eurodollar futures perform marginally better than many other instruments at longer horizons. Thus, the practice of relying on these markets for policy expectations is empirically well supported.
This paper takes an in-depth look at how federal funds and eurodollar futures rates can be used to extract the expected future path of monetary policy. The primary 1 Among other papers, Kruger and Kuttner (1996) , Carlson, McIntire, and Thomson (1995) , Robertson and Thornton (1997) , and Söderström (2001) have used federal funds futures to predict monetary policy decisions, and Rudebusch (2002) and Jegadeesh and Pennacchi (1996) have used eurodollar futures. Lange, Sack, and Whitesell (2002) present evidence on the predictive power of both federal funds and eurodollar futures contracts.
challenge in this process is accounting for the risk premia embedded in the futures rates.
The analysis that follows begins by showing how to adjust for risk premia under the assumption that they are constant over time, as in many applications in the literature.
However, there is no reason to expect this assumption to hold, and thus the paper turns to an alternative approach that allows for some variation in the risk premia over time. The approach relies on a simple identification assumption that policy expectations level out beyond a horizon of several years. Under that assumption, differences between futures rates on contracts with long enough horizons will be driven primarily by their risk premia. These long-horizon futures rates can therefore be used to derive a proxy for a factor underlying movements in the risk premia on all futures contracts. The results provide evidence that the risk premia on these futures contracts do, in fact, vary over time. The impact of this variation is fairly limited for contracts with short horizons, but it increases as the horizon of the contracts lengthens. The analysis then demonstrates that portfolios of futures can be constructed to measure policy expectations that automatically account for this variation.
The Information Content of Futures Rates
Federal funds and eurodollar futures rates are directly influenced by the outlook for short-term interest rates. The value of a federal funds futures contract expiring i months ahead is explicitly tied to the average of the effective overnight federal funds rate during the calendar month of expiration,
contract with an expiration i quarters ahead is instead tied to the three-month Libor rate realized on the expiration date, lib(i), according to )
Given the ability of investors to substitute between a three-month eurodollar deposit and a strategy of rolling over loans in the overnight federal funds market, the Libor rate will be strongly influenced by the federal funds rate expected to prevail over the subsequent three months. Nevertheless, the linkage between those rates is not exact.
Thus, it is useful to think of the payment on the eurodollar futures contract as having two
. The first term in this payout is equivalent to that of federal funds futures, only where the average of the federal funds rate is taken over a three-month period starting at the expiration of the futures contract. 3 The second term reflects "basis risk," or any differences that might arise between the Libor rate and the average federal funds rate. . These futures rates can be expressed as the sum of the expected future level of the underlying interest rate and a "risk premium," as follows: , represent the expected excess return to an investor who is long the futures contract, which compensates the investor for the uncertainty associated with the return to taking that position.
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The equation for eurodollar futures must be modified to express the expectations in terms of the federal funds rate rather than the Libor rate, as follows:
where the term
Thus, when expressed in terms of the expected federal funds rate, the eurodollar risk premium has an additional component
that equals the excess expected return of the three-month eurodollar deposit over the federal funds rate. This term will typically be positive, reflecting that investors face greater credit risk by lending to an institution for a three-month period rather than on an overnight basis.
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According to (1) and (3), the rates on federal funds and eurodollar futures can be used as proxies for expectations of the federal funds rate over different horizons, once one appropriately controls for the risk premia embedded in those rates. In that case, by using futures quotes covering different horizons, one could derive the entire path of the expected federal funds rate. To do so, I will use federal funds futures with expirations out to four months, and eurodollar futures with expirations out to five years. These markets are exceptionally liquid for federal funds futures expiring over the first several months and for eurodollar futures expiring over the next couple years. Eurodollar futures 4 This paper refers to these terms as risk premia, but they actually encompass any factors resulting in an excess return on the contract, including institutional details, hedging activity, and liquidity considerations. Gürkaynak, Sack, and Swanson (2002) offer a more detailed discussion of the determination of risk premia. 5 Note that there will also be a risk premium related to this basis risk, which is a component of the risk premium on the eurodollar futures contract,
with longer horizons have less activity, but liquidity remains high enough to use those instruments for the purposes explained below.
6

Policy Expectations under Constant Risk Premia
There exists a large literature on the predictive power of market interest rates that imposes the assumption that the risk premia embedded in those rates are constant over time-an assumption that is often referred to as the expectations hypothesis. Under that assumption, the expected path of the federal funds rate can be obtained by subtracting an estimate of the risk premia from the quoted futures rates.
To arrive at a measure of the risk premia embedded in these futures contracts, this paper relies on the information contained in the average shape of the term structure of futures rates. In doing so, I assume that expected changes in monetary policy have averaged to zero over the sample used, which runs from July 1992 to June 2002. This assumption seems reasonable, given that the policy instrument has remained in a relatively narrow range over the sample (making its average monthly change close to zero). Moreover, survey evidence roughly supports the assumption. According to a weekly survey performed by Money Market Services, the expected change in the federal funds rate over the subsequent three months averaged 2.63 basis points over our sample-less than one basis point per month. 6 Much of the trading activity in eurodollar futures contracts expiring beyond the next couple years is in the form of "bundles" and "packs," which are essentially blocks of contracts with consecutive expiration dates. 7 The survey measure used was calculated by splicing together two data series: the expected federal funds rate six maintenance periods ahead to July 1997, and the expected federal funds rate two FOMC meetings ahead since then. The positive average expectation error suggests that the approach used may slightly overstate the average risk premium on near-term contracts.
Under the assumption of zero average expectation errors, the average levels of federal funds and eurodollar futures rates relative to the average level of the overnight federal funds rate will reflect the risk premia on those contracts.
8 Thus, this measure, which is shown in Figure 1 and reported in the first column of Table 1 , is taken to be the estimate of the risk premia used in the analysis that follows. As can be seen, the risk premia on federal funds futures are very small. However, they have an upward slope of a couple of basis points per month, indicating that investors with long positions typically require a higher return on longer-horizon contracts because of the greater uncertainty associated with interest rate movements. The risk premia on eurodollar futures contracts start from a higher level than those on federal funds futures contracts and also increase as the horizon is extended, again likely reflecting the greater uncertainty associated with movements in three-month Libor over longer horizons.
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Under the assumption that these risk premia are time-invariant, one can derive the expected path of monetary policy simply by subtracting the estimated risk premia shown in Figure 1 from observed futures quotes. Some examples of the resulting paths for the federal funds rate are shown in Figure 2 . In the figure, the rate implied by each contract is shown at the middle of the period covered by that contract. 10 In March 2002, the intended federal funds rate was at 1.75 percent, and market participants anticipated that the FOMC would begin to gradually tighten monetary policy about two quarters ahead, with the federal funds rate expected to reach nearly 5 percent after several years. As indicated by the other dates shown in Figure 2 , the expected policy path can take a variety of shapes. In early January 2001, market participants had priced in substantial easing over the subsequent year, although far less than was ultimately realized. And in May 1998, it appears that market participants expected policy to ease slowly over the subsequent two years.
Evidence of Variation in Risk Premia
The previous section demonstrates that it is straightforward to derive the expected path of monetary policy under the assumption of constant risk premia. Of course, there is no reason to believe that the risk premia on these futures contracts are constant over time.
Indeed, this is likely not the case. In general, it is an empirical question as to whether the variation in the risk premia is large enough to significantly distort the policy expectations derived above. Unfortunately, it has proven difficult to derive useful measures of time varying risk premia.
This section presents some evidence on the extent to which risk premia vary over time. The analysis first focuses on the behavior of the component
, which again is the premium that investors demand to extend the horizon of a loan from overnight out to three months. Evidence on the behavior of this component can be obtained from quotes on basis swaps. Under these instruments, one party exchanges payments tied to the threemonth Libor rate (the rate underlying the eurodollar futures) in exchange for payments based on the average overnight federal funds rate over the subsequent three monthsprecisely the basis risk involved with eurodollar futures in the context discussed above.
If basis swaps existed for a single future payment, an investor could create a "synthetic" federal funds futures contract by going long a eurodollar future and receiving
Libor against federal funds in the basis swap. In fact, it can be shown that the spread on such a basis swap (the amount added to the federal funds payment in exchange for the
. Thus, a portfolio with a long position in a eurodollar future (equation (3)) combined with this basis swap has a return that is identical to the federal funds futures equation (1), only where the payout based on the three-month average of the federal funds rate rather than the one-month average.
This paper does not pursue the approach of systematically creating synthetic federal funds futures, given that the market for basis swaps is less liquid than that for futures and that most basis swaps involve a stream of payments rather than a single payment. 11 Nonetheless, the swap quotes that are available provide useful information about the behavior of ) (i lib r
. As shown in Figure 3 , basis swap spreads vary some over time, with the spreads increasing notably in the fall of 1998 and again in advance of
Y2K
. 12 The figure also shows that the term structure of basis swap spreads is relatively flat-it typically has a slope of just a few basis points over five years. Thus, in the analysis that follows, I assume that this component of the risk premium changes over time but is independent of the horizon of the futures contract, or , these other components of the risk premia will likely depend on the horizon of the contract, given that they measure compensation for bearing the risks arising from interest rate changes over that horizon.
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To separate these risk premia components from policy expectations, I rely on a simple identification assumption-that the expected path of monetary policy levels out within a horizon of four years. 14 It seems unlikely that market participants formulate views about significant changes in the federal funds rate taking place four to five years ahead. By that time, the precision of their outlook is weak enough that their best guess is likely to be that the federal funds rate would be held steady (at a level that may shift around over time). If expectations for the federal funds rate level out after some horizon, differences in eurodollar futures rates for contracts expiring beyond that horizon will be influenced only by risk premia. Hence, the approach pursued in this paper is to derive an estimate of the behavior of these risk premia components based on the rates on futures contracts with long horizons.
This approach is best understood by looking at the term structure of eurodollar futures rates out to a five-year horizon for a recent date, shown in Figure 4 . The rates on 13 The risks underlying the premia ) (i are slightly different, in that one is based on uncertainty surrounding movements in the federal funds rate and the other on uncertainty about movements in the three-month Libor rate. (The same point was raised earlier in footnote 5.) In the application below, I allow these contracts to have different factor loadings to account for this consideration. 14 Some market participants may use a similar approach. Goldman Sachs (2001) reports using the slope of the eurodollar term structure from one to two years ahead to control for variation in the risk premium. That report also argues that it might have been better at that time to control for the risk premium using a more general measure of the steepness of the term structure, such as the slope from two to ten years ahead. Figure 5 shows a time series of this slope factor, which I denote t s , since the early 1990s, where the slope is expressed on a per-month basis. As is evident, the measure demonstrates considerable variation over time. It was at its widest in the early 1990s and narrowed considerably, on balance, into 1998. In the fall of 1998, it widened sharply before narrowing again (although it appeared elevated from Y2K concerns), and it then rose considerably over the past couple years.
Looking across all futures contracts, I assume that the components of the risk premium ) (i ff r and ) (i ed r are driven by a one-factor model in which they are linearly 15 By using contracts expiring in the same calendar month, I avoid any distortions arising from the year-end premium, assuming that it is the same size in both years.
related to the slope factor from Figure 5 . Figure 1 , the loadings increase more steeply for contracts with shorter horizons and then become quite linear at longer horizons. The loadings on the slope factor are reported in the second column of 
Portfolios as Proxies for Policy Expectations
The 
where the federal funds rate is assumed to return to its equilibrium level * t ff within four years-the identification assumption used in the previous section.
In the analysis that follows, those two contracts are used to control for the time variation in the risk premium in any other futures contract.
19 To see that, consider as an example the rate on the eurodollar futures contract expiring a year ahead, which is determined as follows:
where ) 1 ( y f f is the expected average federal funds rate for the three months beginning a year ahead. By constructing portfolios of the three futures contracts (4) to (6), one can derive measures of policy expectations from the contract (6) that have been "cleansed" of 18 An alternative approach is to formulate a model that contains additional structure, where the model's parameters (including time-varying risk premia) could be estimated across the entire term structure of futures rates. Such a model could incorporate additional details about the futures market, such as the existence of a year-end premium on December contracts. However, a disadvantage of the model approach is that it would presumably have to impose more structure on policy expectations. 
As you can see, this portfolio therefore provides a reading of the expected federal funds rate that is immune to changes in the slope of the risk premia . The value of this portfolio is as follows: 
As can be seen, this portfolio provides a reading of the expected deviation of the federal funds rate from its long-run level, or a measure of the stance of monetary policy. Note that this measure is immune to shifts in all components of the risk premium-both the basis term t c and the slope term t s .
For federal funds futures, the information that results from these measures is slightly different, given that the futures rate does not contain the risk premium component t c . The rate on a federal funds futures contract expiring three months ahead, for example, is given by
in which case the payout from portfolio strategy (7) becomes just ) 3 ( m f f , and that from strategy (8) becomes
. Thus, the distortion presented by t c shifts from one measure to the other.
The time series of measure (7) is shown for several horizons in Figure 6 . In this figure and the ones that follow, I subtract the average level of t c (21 basis points) from the measure. 20 The measure seems to correspond well with policy expectations, generally moving in advance of changes in the target federal funds rate. Moreover, expectations two years ahead often move by more than the year-ahead measure, in many cases reflecting expectations that the federal funds rate will continue to move in the same direction.
The impact of variation in the risk premia on the measurement of policy expectations can be sizable. Figure 7 repeats the policy expectations for two of the dates shown earlier in Figure 2 , but now showing the estimate under the time-varying risk 20 As discussed earlier, one could arrive at a time-varying estimate of t c based on basis swaps.
Alternatively, one could estimate it from the difference between the spot Libor rate and a combination of federal funds futures expiring over the subsequent three months. premia as well. For the March 2002 observation, the difference in the paths is minimal, as the measured risk premium factor that day was only slightly above the average over the whole sample. The difference is more substantial in May 1998, when the risk premium factor was well below its average level over the sample (see Figure 5 ). Under the assumption that the risk premium is constant, one would subtract off too large of a risk premium, resulting in an expected policy path with more than a percentage point of easing over the subsequent three years. The smaller adjustment made under the timevarying risk premium model instead results in policy expectations that are largely flat, consistent with market commentary at that time.
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The second measure of policy expectations, equation (8), is shown in Figure 8 .
This measure appears to provide a plausible proxy for the expected stance of monetary policy. The period that is particularly notable from the graph is the accommodative stance of year-ahead policy expectations from mid-2001 to mid-2002, when the setting of the federal funds rate was viewed as being several percentage points below its long-run level. Interestingly, at the two-year horizon this measure is much more stable than the measure (7). This finding indicates that the long-run level of the expected federal funds rate, * t ff , is to a large extent adjusting in line with the expectation of policy two years ahead. Such behavior is somewhat puzzling, although it is consistent with the findings of 21 Survey evidence indicates that market participants saw a small risk of policy tightening at that time. Indeed, a survey conducted by Money Market Services on May 1, 1998 indicated that market participants on average expected the federal funds rate to move from its level of 5.50 percent to a level of 5.51 percent at the subsequent FOMC meeting, 5.53 percent at the second meeting, and 5.59 percent at the third meeting.
other parts of the empirical finance literature that longer-term forward rates are highly volatile.
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In Figure 9 , the stance of policy measure (8) is shown for all horizons on the three dates highlighted above. Consistent with the above discussion, the stance of policy was about 175 basis points below the anticipated long-run level of the federal funds rate in March 2002 and was expected to gradually move up to that level. In January 2001, policy was viewed as being 125 basis points above the long-run level and was expected to move most of the way to the long-run level within a year. Lastly, policy was viewed as being only marginally above the long-run level in May 1998.
How Important is Time Variation?
The above analysis presents evidence that risk premia on futures contracts are time varying. To determine how important this variation is, the standard deviations of daily changes in the identified risk premia are compared to those of the futures rates themselves in Figure 10 . As is evident, the risk premium accounts for little of the variation in the futures rate for contracts with shorter horizons. As the horizon extends, though, the importance of the risk premium increases. In fact, it eventually surpasses the standard deviation of the futures rate, reflecting the negative covariance between the risk premium and expected policy at that horizon (an observation that is discussed more in the next section).
These results are consistent with the examples shown earlier in Figure 7 , in which the adjustments to the policy paths were small at first but cumulated to larger amounts at longer horizons. Overall, then, extracting policy expectations under the assumption of a constant risk premium may not be too misleading for shorter horizons. However, at longer horizons, variation in the risk premium is large enough that it must be taken into account to accurately measure the expected policy path embedded in futures rates.
Caveats
The approach described in this paper has the advantage of simplicity. The identification assumption is easy to understand, and the model can be "solved" by constructing some simple portfolios of futures contracts. However, that simplicity comes at some cost-primarily that the structure of the risk premium is determined using an ad-hoc procedure. One could instead use a model to derive the structure of the risk premium embedded in futures contracts, as in Jegadeesh and Pennacchi (1996) . Such an approach has the advantage that the risk premium is derived from first principles.
However, that approach has the disadvantage that it must place considerable structure on the expected policy path, unlike the portfolio approach described above.
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The determination of the risk premium under the approach taken here involves some fairly strong assumptions. Among them, it is difficult to understand why the risk premium increases linearly at long horizons, especially considering that the interest rate is expected to have reached some long-run level. Nevertheless, the positive slope of the eurodollar futures curve at long horizons is an empirical regularity, and it seems even more implausible that this pattern can be attributed to policy expectations.
An important issue in this regard, however, is whether the horizon at which policy expectations are assumed to level out is sufficiently long. One observation that is 23 For example, the interest rate must always revert to what they call the central tendency at the same speed. somewhat concerning in this regard is that the measured risk premium factor is negatively correlated with near-term futures rates. This correlation may indicate that the reversion of the short rate to its long-run level takes longer than the four years assumed.
Indeed, this would be consistent with the results of Jegadeesh and Pennacchi (1996) , who find that it takes over four years for the short rate to revert half way to its short-run tendency. 24 However, an alternative interpretation is that the negative correlation arises for economic reasons: Periods of economic weakness tend to involve expectations of lower interest rates and higher risk premia.
One could address this issue directly by moving further out the term structure to derive the risk premium proxy. However, because the liquidity of futures contracts is fairly low at longer horizons, it would be advisable to derive the factor from the swaps curve in that case. I leave that exercise for future work.
Conclusions
Federal funds and eurodollar futures contracts are perhaps the most useful instruments for deriving the expected path of monetary policy from asset prices, given that their values are explicitly tied to short-term interest rates and that they have considerable liquidity over a wide range of horizons. However, the derivation of policy expectations is complicated by the presence of risk premia on those contracts. This paper demonstrates how to extract the expected path of policy under the assumption that the risk premia are constant over time, and under a simple model that allows the risk premia to vary. The results provide evidence that the risk premia on those contracts do, in fact, vary over time. The impact of this variation is 24 However, their estimates of the central tendency in that paper do not seem very plausible.
fairly limited for futures contracts with relatively short horizons, but it increases as the horizon of the contract lengthens.
In measuring the time-varying risk premia, the basic identification assumption employed is that policy expectations level out at some point in the future. Indeed, it seems unlikely that market participants hold strong views about Federal Reserve policy actions taking place four years ahead or longer, and hence contracts expiring at such horizons should provide valuable information about the risk premia embedded in futures rates. Of course, the analysis above is only one simple model of the behavior of the risk premia. Future research may be able to improve on the assumed structure of the risk premia, while retaining the basic approach to identification taken in this paper. May 1, 1998
